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ABSTRACT

Vertical profiles of planktonic and micronektonic biomass observed close
to the sea-bed along a transect running up the continental slope on the socuthern
flank of the Porcupine Seabight (to the southwest of Ireland) showed that a
doubling in biomass concentration occurs from 100 to 10m above the sea-bed.
Comparison with biomass concentrations at two deep watexr stations, one in
the Seabight and the other in the Rockall Trough, showed that there was a
consistent increase in standing crop close to the sea-bed over the slope.
Supplementary data were collected on the northern flank of the Seabight. Analysis
of both taxoncmic groups and individual species showed that some taxa were more
abundant near the sea floor and extended theilr vertical ranges to greater

depths over the slope than over deep water, other taxa were unaffected.

The implications to the problem of assessing the safety of sea-bed
disposal of high level radiocactive waste are:—- 1. Biological activity
increases close to the sea-bed; 2. Slope regions are areas where ti
potential for vertical transport of material by biclogical processes is
enhance;; 3. There may be dynamic links across slopes between deesp-living
communities and the shelf communities which are heavily exploited for living
resources; 4. Hence any isotopes which might be transported by physical
processes from a dumpsite and impinge on the slope may become incorporated into

a highly dynamic system, but it is unclear as to whether the dominant

would be up slope or back ontc and into the sediment.
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INTRODUCTION

The examination of whether it is feasible to safely dispose of high level
radicactive waste in the cceans involves basically two questions. Firstly,
does the dumping create an unacceptable risk of substantially damaging marine
ecosystems and secondly will the dumping result in the risk of an unacceptabl
doze of isoctopes either to individual critical groups of Man or to the population
as a whole. Both these questions are essentially of a biclogical nature and if
they are to be answered with precision a much more extensive understanding of
marine ecosystems needs to be developed. However, by careful and thorocugh

oration of critical elements of the ecosystem ~ these are the 'bottlenecks’
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that essentially control the rates at which the whole system functions - it is
ermine maximum limits to the risks. The acceptability of these
limits will then be subiect not to scientific judgements but to value judgements
which will be based upcn considerations such as financial costs, the envi
risks associated with energy sources, availability of resources for energy
generation and the forecasts of global energy needs. However, a well-founded

scientific evaluation is a prereguisite for these value judgements to be made

water from canisters of disposed waste will be the benthic organisms. Dispersal

of the isotopes may then occur either via bilological pathways or through
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physical transport processes of currents, diffusion and mixin
egloped {Robinson and Mullin, 1981; Heedler, in press} which suggest

that at abyssal depths dispersal by physical mechanisms is likely to be several

}‘

iclogical processes This can also be

o}

rders of magnitude greater than b
simply checked by assuming that all the organic material that reaches the sea-bed
is converted into benthic production which is returned back to the surface.
However, even by applying the highest concentration factors known, this
hypothetical mechanism will transport several orders of magnitude less iso
back to the surface than the best estimates for physical processes. Thus the
organic input into the deep sea sets the limit to what can be returned back to
the surface. Angel (1983) has reviewed all the known mechanisms of vertical
movement by organisms and concluded that any such transportation is relatively
trivial, and that no critical fast pathways have yet been identified. Similarly

physical transportation vertically is extremely slow compared with transport




laterally by currents, eddies and diffusion. Lateral transport may occur either
with the isotopes in sclution, or bound onto suspended particulates or in the
bodies of organisms inhabiting the benthopelagic enviromment. This lateral
transport may either result in the movement of isotopes along density surfaces
which ocutcrop at the surface at high latitudes or may result in their impingement
on the continental slope. Although in all probability most of the isotopes will
be progressively dispersed and diluted along the lateral transport pathways and
will also be subject to removal back onto the gea-bed by the chemical scavenging
of the rain of sedimentary particulates, it is just conceivable that encugh
lsotope to cause a measure of concern could arrive in the vicinity of a continen-
lope Cbservations on the dispersion of isotopes after the Thule accident

(Barkrog, 1979) and at the Pallaron Islands dump site show that this lateral

10m above the sea-bed and further enrichnent

may occur even closer to the bottom. These populations are probably dependent

on the rain of detritus from the surface layers which appears to amount to

1-3% of primary production in tropical and subtropical seas (see Angél 1983
for review}, but at high latitudes sedimentation of blooms may result in higher

but more seasonally-pulsed fluxes of organic matter to the sea~bed (Billett

This study was aimed at having a first look at this interface in crder

to try to gain a feel for whether it will behave as a bottleneck to the

3

movement of isotopes up the slope or whether there is a high probability that
i $ &

o)

e
any isoctopes reaching the slope will move guickly up into the neritic realm,

intc much closer contact with Man's activities.




In the Biology Department at I0S, a programme has been carried out ovér the
last decade to examine the way in which the vertical profiles of plankton and
micronekton vary with locality throughout the lortheast Atlantic.  Conseguently
a - considerable volume of background information has been accumulated in the
context of which it is possible to interpret any variations that may occur in
the patterns of vertical distribution. The area chosen for a Discovery cruilse,
to examine and describe processes over the slope, was the Goban Spur which lies
on the southern flank of the Porcupine Seabight. In this region the slope is
relatively smooth and is relatively gently sloping. The benthic group in the
I0S Biology Department had already conducted a number of cruises to the Seabight,
including a Challenger cruise when some preliminary near sea-bed sampling had
been carried ocut. Two deep water stations were studied during the same
Discovery cruilse, one well to the north in the Rockall Trough, the other just
off-slope in the mouth of the Seabight. These two ﬁeep water stations have
been used to provide comparable deep water profiles against which it has been
possible to assess the changes in the profiles over the slope.

The report is divided into two main sections. 7The first which is the most
extengive describes the main block of data from Discovery Cruise 105. A smaller
second section includes the results from the preliminary sampling carried out on
the eaxrlier Challenger cruise which, are less conclusive but did sextend the

observations to the north flank of the Seabight and into both deeper and

shallowey watexr.







i. 2. MATERIALS AND METHODS

Four stations (10108-10111) were worked in August/September 1879 on the
Goban Spur on the scuthern flank of the Porcupine Seabight over socundings
ranging from 900-1700m.  Two deep water stations were also worked, one in the
Rockall Trough (Station 101035) centred at 54°30°N, 13°W (sounding ~ 2000m)
and another in the Porcupine Seabight (Station 10115) centred at 43°407N, 14°06°w

{(sounding ~ 4000m) (Fig. 1).

At all of these stations samples were collected using a multiple Rectangular
Midwater Trawl (RMT 1+8M}, (Roe and Shale, 1979; Roe et al., 1980). The mean

mouth area of these nets varies with the towing speed but at a speed of two

knots the mouth area of the RMT 8M is 8.4 sguare metres and of the RMT 1M is

44

0.7 sguare metres. The mesh sizes of the RMT 8M is 4.5mm and of the RMT 1M i

*h

0.32mm. This opening/closing net system consecutively collects three pai o
plankton {(in the RMT 1IM) and micronekton {(in the RMT 8M) samples. The nets are
operated acoustically, and data on depth of fishing, in situ water temperature,

speed of net through the water and depth at which net is fishing are all

The volume of water was then estimated from the total distance run. During a

one hour tow at two knots the RMT 8M filters approximately 28,000 cubic metres

of water and the RMT 1M filters approximately 2,500 cubic metres of water.

cof horizontal tows were made within relatively
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At each slope
narrow depth stratz measured relative to height above the sea cor rather than

£1
collected within 100m of the bottom

absolute depth. The majority of hauls we

n
and several hauls were collected within 20m of the bottom (Fig. 2}. Nets were

("t‘

towed parallel to the general line of the shelf break so that the change in

lowever, lnevitably there

]

sounding during the course of the tow was minimised.

¥

were changes in soundings between different hauls at any one ctat;o&; this was

1. Initially a near-bottom indicator

(S

particularly noticeable at Station 101
streamed from the net weight bar was used to indicate the height of the net

above the sea floor (Boxshall and Roe, 198B0). However, although an electrical
fault prevented the indicator functioning effectively the calm conditions made

it possible to pick up the weak bottom echoes of the acoustic signals transmitted

by the net monitor reflected by the sea floor.  These reflections were used to
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assess the height of the net above the sea floor. At each of the slope stations,

in addition to the horizontal tows, an obligue tow was made from the shallowest

depth sampled in the near-bottom tows up to the surxrface 10m, to check that

there had been no substantial change in the near-surface communities.

At the two deep water stations in the Rockall Trough and the Seabight i the
top 900m of the water column was sampled both by day and by night in 100m strat
Bach stratum was fished for approximately one hour at a towing speed of two
knots. Below 900m it was assumed that there would be no significant diel
vertical migration, (Angel et al., 1982) and at these depths Z00m strata were
fished for two hours irrespective of the licght cycle. The maximum depth of
sampling was 1900m in the Rockall Trough and 1500m in the Porcupine Seabight.
Profile data from these two deep water stations, where applicable, were used

by which the effect of the continental slope on the distributions

species could be assessed.

he physical structure of the water column was measured u

s
depth {CTD) probe to a depth of 2940m in the Rockall

the sea floor. Full station details are given in

I0S Cruise Report 82, (Herring, 1979), and a summary of relevant station data

The samples were initially preserved in 5% formalin in sea-water, (1002
.
formalin = 40% solution of formaldehyde buffered with &g L borax). On return

P

o the laboratory the samples were transferred to Steedman’'s preserving
G

1.b. HYDROGRAPHIC CONDITIONS

Temperature - salinity (T-8) profiles for deep water stations in the

Rockall Trough (Station 10105) and in the Porcupine Seakight (Station 10115)

h
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B
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are plotted in Fig. 3. The comparison of these data with Ellett’s data

Rockall Trough (Ellett, personal communication) shows that although the

temperature data are similar these salinity data are approximately 0.05% higher,

probably the result of a minor instrumental error. The data are considered to

P

be adequately accurate for the purpose of this paper. In the Seabight an alm
g Y puryg

ischaline surface layer extended down to just below 100m. Beneath this ischal

>

abight. At sach of the slope staticns CTD observations

most

e
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layer the T-§5 characteristics were typical of North Atlantic Central Water (NACW)

as defined by Sverdrup, Johnson and Fleming (1942). Below 3200m salinity increased
relative to NACW and at 750-980m there was a salinity maximum below which salinity

declined to values typical of Gulf of Gipbraltar water. A secondary maximum
occurred at about 1140m. At greater depths T-5 values gradually approached c¢loser
to the characteristic values of Labrador Sea Water. Just above 1900m the lowest
section of the T-S curve indicated the influsnce of Iceland/Scotland overflow
water.

In the Rockall Trough the T-$ values were generally lower than in the
Seabight. There was a clearly distinguishable zone of typical NACW water at
60-200m overlying water with an enhanced salinity content which indicated the
influence of Gulf of Gibraltar water. Close to the bottom the hydrographic
chara teristics were closer to Labrador Sea Water and the Cverflow Water.

T-S diagrams for the four slcope stations are given in FPlg. 4 and are generally
similar to the deep water profiles from the Seabight. In Fig. 5 the data are

linity section extending up the slope from the deep water

b

compiled into a sz
station. The Gulf of Gibraltar salinity maximum occurred at between 900 and

most pronounced at the central slope stations (10108-10109
inity water over the slope st

i
a northward current may have occcurred there (Ellett,

]

u
coley and Hill, 19

l.c.l HMacroplankton and micronekton

A total of 60 RMT 8M and 33 RMT 1M samples. were analysed. RMT 1M catches

1]

are time-consuming to analyse so effort has been concentrated on the near sea-bed
samples f{excluding the obligue bauls) from the slope stations and on the
Porcupine Seabight deep water series (see Fig. 6}. Even at this deep water
station some groups [(Chastognatha, Polychaeta and Amphipcoda) have only been
examined from hauls below 800m. The RMT 1ME from the Rockall Trough have

not been examined in detail. all the RMT 8M samples from both deep water
stations and from the slope staticons have been analysed. The following sections

look at biomass in RMT 8M end RMT 1M samples separately and then at the data

for animal groups from appropriate nets.
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Table 1. . Taxa analysed for numerical abundance and/or biomass from the

macroplankton and micronekton samples collected during Discovery

Cruise

Medusae
Siphonophora
Decapocda
Ctenophora
Mysidacea

Euphausiacea

Cstracoda

Amphipoda

10105
10115
10108-10111

net RMT BM

Analysed

Not analysed

10115
10108-10111

RMT 1M

Below 800m at Stn. 10115

ol
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l1.c.2 ‘Biomass - Micronekton (FL

Values for RMT 8M total sample biomass, measured by wet displacement wvolume
are given in Fig. 7. Values for the near-bottom slope hauls are plotted
according to sampling depth rather than height above the bottom to permit direct
chmparison with the deep water station data,  consequently, there appears to be
some overlap. Values plotted against average sampling height above. the
sea floor are shown in Fig. 8. In the Rockall Trough very little micronekton
occurred in the top 100m by day; biomass concentrations peaked at 500-600nm

oy 3 . L . . - , 3
(22mis/1000m™) and there was a further peak in the 1300-1300m haul (24mfs/1000m™ ),

[

At night there was only a slight migration up into the surface 100m, conseguently
at 300~-900m biomass concentrations were similar by day and by night. The very
low night-time catch at 200-300m was probably an artefact caused by a gear

malfunction.

By day in the Seabight biomass concentrations were variable with depth),

integrated water column biomass was

Rockaldl Trough. Below 500n bilomass values were similar by day and by night,

night a high bicma concentration of about 50mfs/1000m” occurred in the 10-100m
haul, but below the surface 100m zone biomass concentrations steadily decreased
to a depth of appro tely 500m.
entrations were variable. At the shallowest
slightly higher than at comparable depths at the

concentration decreased slightly towards the bottom.

However, there was little difference between the biomass
H

At the deep water stations each biomass maximum in the profiles was usually
produced bg the high abundance of a single taxonomic group e.g. siphonophores
or medusae. Biomass profiles for sach of the major taxonomic groups are shown
separately below. The relative biomass of each group expressed az a ;erceﬁiﬁga

of the total biomass in esach haul have been plotted (Fig. 9), to compare group
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Fig. 7. Profiles of biomass (displacenent volume mls/1000m~) of total micro-

nekton in RMD 8M samples at the deep water and slope stations.  For all
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the hauls depths
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are given in metres but over the slope nets were fished
according to height above the hottom, so that there is overlap:in the

sampling depths.
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bottom.
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Fig. 9. Diagram to illustrate the relative importance of the biamass of eight
dominant taxonomic groups, expressed as a percentage of the total micro-
nektonic biomass (RMI' 8M) in each haul in deep water in the Rockall Trough
(Station 10105) and the Seabight (Station 10115) and at the slope stations
10108-10111. The values shown agaimst:‘ the bar plots for the slope stations
are the average haul height above the bottom in metres.

* excludes small coelenterates.



dominance near-bottom over the slope with group dominance at the &oeg water
stations below  B00m (excluding the 800-900m night hauls}. While it is
acknowledged that the displacement volume estimate of biomass is inaccurate
because shrinkage during preservation varies not only between groups but also
between species, the changes that occur down through the watey column are so
large that this crude method does provide a useful indication of the/chaﬁgea

in relative importance of the various groups.

In most hauls below 800m at the deep water stations Medusas were an
important component of the catch, and similarly over the slope this group was
dominant in some hauls although their contribution to the total sample biomass
tended to be slightly lower than at the deep water stations; values ranged

from 6%-30% over the slope and from 16%-45% at the deep water stations below

Hy

800m. Siphonophores tended to form a greater percentage of the biomass

= 1

near~pbottom over the slope than over deep water and they were a aa?“ cularly
wheres

important part of the catch at the deep slope stations 10108 and 10111

they comprised 12%-40% and 16%-40% respectively of the near-bottom catches.

31y, but apart from
ibuted a moderate proportion of the sample biomasses.
However, fish plomass concentrations tended to be slightly lower over the S‘GD
than at the deep water stations possibly because of competition by bentho-

by the RMT 8M. Data for Decapoda and Mysidacesa have

roups

5o

00m over deep water these

together comprised 9%-20% of the catch except in one sample in which they

sieﬁe their importance was often much greater where
their contribution equalled or exceeded 20% in the near-bottom hauls at
Stations 10108 and 10109; in one haul at the latter station they provided 43%
of the sample biomass. Chasetognatha were present throughout; at the deep
water stations they provided 4%-22% of the biomass and 4%-25% for the slope
hauls. The highest values of 19% and 25% were in the shallowsst haul at
Station 10109 and the nearest bottom haul at Station 10108. tenophora were
not abundant in the Rockall Trough, but they were guite abundant at the
Seablght deep water staticn..  Over the slope they were particularly: important
at thg shallowest station (310110) where they formed 47% and 18% of the biomass
of 'the two hauls. Polychaeta were important at the shallowest slope station

(10110} where they formed at least 10% of the biomass in each haul.
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i.¢.3 Biomass - Macroplankton

The RMT 1M macroplankton catches often include a few micronektonic aninals
which can form a significant percentage of the catch displacement volume. In
one deep water Seabight haul a fish of 40mf and a medusa of £0ml between then
comprised a guarter of the total cétch volume. Conseqguently the displacement
volumes of the RMT 1M samples were measured after the remcoval of these

1

large animals i.e. animals with displacement volumes >imf. Az for the

) . " 3
micronekton data, the plankton volumes have been corrected to mfs/1000n™, and

Figure 10. In general the concentration of

3
rrt

have been plotted against depth in

macroplankton is greater than that of micronekton {(Angel and Baker, 1982).

=

n the Seabight the effects of di

-t

of the water column are clear. B

ot

bicmasses were fairly constant at

1360-1500m.

There was a similar threefold

1,20

there was yet again a threefold increase in plankton biomass in the two samples

from closest to the sea-bed compared both with higher in the water column and
over deep watey, and this was repeated at theé shal

pbut to a lesser degree. Thus at all four slope stations the biocmasses in hauls
taken within a few metres of the bottom were about three times greater than
comparable depth over deep water only a short distance f£rom the slope.

at

e

4y

Generally in water of such depths sample error is less than a factor of two
{angel et al., 1982). Hence despite the lack of replicate sampling this
obzerved increase in plankton standing crop close to the sea-bed 1s unlikely
to be a sampling artefact particularly as the effect was repeated at all four
slope stations. Moreover, as can be seen for the total counts for ostracods;

2, similar trends

copepods;, . chaetognaths and polychaetes presented in
pep b
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Fig. 10. Profiles of bicamass (displacement volume mﬁs/lm‘n?)) of total

nmcrcplmtoh in RMI 1M sanples at the Seabight deep water and slope stations.
For all the hauls depths are given in metres but because over the slope nets
were fished according to height above the bottam, there is scme overlap in the

sampling depths.



Table 2. Macrozooplankton catch displacement volumes and numbers of animals of

hauls from the Porcupine Seabight.

Station Depth Total catch

# haul {m) displacement
volume per
1000m”

Ostracoda

-t D
Numbers of animals per 1000m

Copepoda

Porcupine Seabight vertical mini-series in deep water

DAY HAULS

10115415 10-100 26
#16 100-200 11
#17 200~300 10
#5 300-400 12
# 6 400~500 46
i# 7 500-600 33
# 2 &00~-700 28
# 3 700~-800 22
# 4 800~-900 25
#18 G10-1100 28
#19 1100-1300 29
#20 1300-1500 14

NIGHT HAULS

10115421 10-100 50
#22 100~200 27
#23 195-300 12
#12 295-400 6
#13 400-500 4

#14 5Q0-600

P OB Lad
Fias

#.9 600-700 0
#10 700-800 26
#11 800~900C 20

1462
8503
4024
1644
3245
1391
1545
912
1080
411
748
366

2191
7814
2635
1688

1328
1838
941

82925
38092
17989
15595
32254
39939
39277
20794
20813
29723
30352
17243

146204
34900
14734

8332
16857
29337
22952
24622
21812

Chaetognatha

823
286
413
218

613

i

.y AN
five tawa per 1000m~ for 33

Metres above
bottom

®
¥

Polychaeta Amphipoda

55

224
54
20

13
13

FT



Table 2 continued

Station
# haul

Depth

(m)

Total catch
displacement
volume per
1000m3

Ostracoda

Near-bottom hauls, Goban Spur slope stations

10111#4
#5
#6
#3

10108%6
#7
#8
1010941
#2
#3
10110#4
#5

1480-1570
1555-1570
1580-1650
1610~1670

1210-1350
1350-1410
1410-1428
1000-1100
1100-1155
1140-1155
800-900
935-1000

236
369
515

328

498
1141
1158

587

990

873
1692
1650

Copepoda

18739
34759
51034
39786

25540
87784
101216
28305
72667
62904

55935
64309

Numbers of fnimals per 1000m”

Chaetognatha

129
158
143
204

232
409
363
370
524

355

565
347

Polychaeta

118
582
631
368

15
702
17
36
110

130
265

Amphipoda

Metres above
bottom

40-90
25-30
10-25
100-40

To within 90m
90-30
30-15

To within 60m
60-25
25-15

120~35
40-15

i



occurred in the abundances of the numerically dominant groups. ©Only in the
amphipods which were not numerically abundant in the samples was the effect less

apparent.
l.c.4 Fish (Figs 11, 12, 13)

The vertical profiles of numerical abundance of pelagic fish at the two

%

deep water stations are similar in pattern. Slightly gher concentrations
occurred in the Seabight (Fig. 11}, where at least part of the fish population
undertook diel mlgratlonq, by day there was & peak in abundance at 500~-80Cnm
(16 specimens/lGOOm } whereas at night the peak occurred in the surface 100nm
(34 speciméng/1050m3). At 300-1000m the bicmass profiles at both deep water
stations were roughly similar to the profiles of abundance, except at 500-600m
in the Rockall Trough where the biomass maximum was not reflected by a peak in
numerical abundance. However, below 1000m biomass increased relative to

a
the 1300-1500m hauls (Fig. 12). Over the

ion in fish abundance and
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trends were similar in showing an increase with increasing proximity to the

might have been expected to depress the pelagic populations. The Institute of

Oceancographic Sciences has been conducting an extensive survey on the ecology

h

and seasonal distribution ¢f the benthopelagic fishes in the region and once
this is completed, it may be possible to show how the two fish communities interact.

1.c.5 Hedusae (Figs 14, 15, 16, 17)

The vertical abundance profiles of medusae taken in the RMT BM samples from
two deep water stations (Figs 14, 15 and 16) are relatively consistent in pattern.

The abundance profiles showed no evidence of migratory behaviour. There was a

t

minor peak in abundance at 500-600m and a more intensive maximum at 900-1500m.
Prom the biomass profiles it can be seen that the shallower abundance peaks were

formed by large forms, mostly Atolla wyvillei, which had large displacement

volumes, whereas the deeper more extensive numerical abundance peaks consisted

of much smaller organisms, mostly Aglantha digitale. The slope samples all
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Fig. 11. Profiles of numerical abundance (Nos./lOﬁknB) of fish in RMT &M sanples

at the deep water and slope stations (see FPig. 10 for note on &epﬁhs).
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Fig. 14. Profiles of nurerical abundance (ng./lQOCmB) of Medusae in RMT 8M samples

at the deep water and slope stations (sce Fig. 10 for note on depths) .
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Fig. 15. Profiles of biamass (displacement volume mls/1000m”) of Medusae in RMT 8M

samples at the deep water and slope stations (sce Fig. 10 for note on depths) .
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showed numerical abundances increasing quite sharply in close vic cinity of the
sea-bed, whereas the biomass trends are much less clear, except possibly at the
deepest slope station (10111). At the shallowest slope station four of the five
most abundant species increased in number as the sea-bed was approached. The

exception was the large species Atolla wyvillei,

At Station 10109, the situation was more complex. The two dominant medusae

Aglantha digitale and Pantachogon haeckeli increased in abundance in close

proximity to the sea-bed. Whereas the other three common species, Aeginura

grimaldi, Atolla parva and Aegina citrea, increased in abundance from 250-1C0m

above the sea-bed, but then declined in abundance as the sampling got closer.

At Station 10108 two of the dominant species showed marked increases in

.abundance close to the sea-bed, i.e. Pantachogon haeckeli and Aglantha digitale.

- .. 4 - - 3
4. digitale reached densities of nearly B0/1000m~ close to the ssa-be

Zie

In

{.b

contrast Atolla parva, Aeginura grimaldi and Halicreas minimum appeared not to

Q;

l

{10111} most of the species became more abundant in the lower tric of hauls
as the sampling approached the bottom. However, the two hauls from higher in

i
¥ column contained almost as many specimens of most species as the
E pe

i.c.6 Siphonophora (Figs 18, 19)

Siphonophora are widely distributed in the Atlantic QOcean, (Pugh, 1974,

1975; 10s Biological Data Bank). Only a very rough estimate of the population
biomass can be obtained by measuring the wet displacement volumes because they
are subject to considerable shrinkage on preservation. Similarly because
individuals of some species are composed of a variable number of component
structures into which they readily fragment, it is not even possible to arrive
at numerical estimates which are at all accurate. At both deep water stations
peaks in biomass and abundance occurred at 500-5600m and there were secondary
peaks at 1300-1500m (Fig. 18). There was no evidence of the occurrence of
significant diel vertical migration in the bicmass profile data. AL the slope
stations, biomass estimates were similar to those from the deep water stations
(Fig. 19) in hauls farthest from the bottom, but there was quite a substantial

increase close to the bottom at the deeper two slope stations (10108-10111).

At both these staticns the near~bottom biomass concentrations were somewhat higher

respond to the proximity of the sea-bed (Fig. 17). At the deepest slope station

g
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than over deep water; particularly at the deepest station (10111} where the
siphonophore standing crop was three times that observed at a comparable depth
in the Rockall Trough. There were three dominant species in the slope hauls

Lensia conoidea which reached peak numbers at about 100m above the bottom and

Dimophyes arctica and Chuniphyes multidentata showed a general increase in

abundance towards the bottom.

i.c.7 Ctenophora (Figs 20, 21)

The Ctenophora were represented solely by the specles Beroe cucunis.

Very few specimens were caught in the Rockall Trough. At the Seabight station

the daytime distribution was patchy; the maximum concentration was 1.3 specimens/
3 \ ‘ -
1000m™ at 1300-1500m (Fig. 20). At night it was £

o
& . - . . A 3 A e .
concentrations of up to 4.0 specimens/1000m” at 100-200m suggesting an extensive

und mainly in the top 200m at

vertical migration cccurred. Concentrations at most of the slope stations were
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low except at the shallowest station where a con
occurred in the haul farthest from the bottom and there was a sharp reduction in
concentration nearer the sea floor. At the three deeper slope stations concent-

rations  were very low but there was a consistent trend for abundance to increase

roughly prcporticnal to numerical abundance throughout.
i.c.8 Copepoda (Fig. 22)

{8

Copepod data are based solely on the RMT 1M sample

macroplankton both in terms of standing crop and numbers, generally occurring at

We

densities of 0/m”; for example at night in the shallo

3 4 ;

station there were >146/m~ . The abundances have had to be based on subsamples of

o

the catch, obtained using the Folsom splitter. This device can introduce a
gubsampling error which is not always trivial compared with the variation between

zs these authors remark it

"

samples, (van Guelpen, Markle and Duggan, 1982}, bu

U

emains a necessary evil.

?“‘1

The slope samples contained significantly larger numbers of copepods than

ccurred in the egquivalent samples from the deep-water station. Also, at all
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Fig. 20. Profiles of numerical abundance (Nog./lQCQmj) of Ctenophora in RMT 8M

samples at the deep water and slope stations (see Fig. 10 for note on depths).
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four slope stations the copepod concentrations increased substantially towaxds
the sea-bed {(Fig. 22). Indeed the near-bottom concentrations: approached ﬁhose
observed in near-surface waters, especially at Station 10108 where over iQGmeB
were caught near the bottom; this abundance was nearly 20% more than the
davtime concentration in the surface 100m at the Seabight station0{~ 83ﬁn3)

and five times that observed at the equivalent depth.
1.¢.9 Ostracoda (Figs 23, 24)

Ostracod data are based on the RMT 1M samples. The ostracods were the
second most abundant higher taxon represented in the macroplankton catches, but
were an order of magnitude less abundant than the copepod Except for the

5.
. P ! 5
three large catches at the deep water station for which 3 subsamples were

lyses have. been based on total samples. In all over 103,000
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have been identified; 46 species were represented.
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Total ostracod abundance profiles are shown in figure 23, At most of
the slope stations ostracod densities tended to increase with increasing
proximity to the sea-bed but only at Station 10108 was the near-bottom density
notably higher than observed at comparable depths over deep'water. At the
shallowest slope station (10110) no bottom effect was observed but the densities

in both hauls were greater than in equivalent samples from deep water.

A detailed analysis of the costracod data {(Ellis, in prep.) refines this
picture, and shows that the individual species have different responses to
proximity to the sea-bed. O©Of the 46 speciesg present in the samples, 14 normally

ive at relatively shallow depths and were rare or absent from the slope samples,

st

-

and 13 were represented only sporadically. Table 3 lists the densities of the
remaining 27 spscies all of which normally occur at depths eguivalent to those
sampled in the near-bottom hauls. Fig. 24 shows how the order of abundance of
the ten commonest species varied in each of the hauls from below 700m both at
the deep water station and in the near-bottom samples. Comparison between the
day and night hauls from 700-800m and 800-900m at the deep water station which
can be regarded as replicate hauls because diel vertical migration will have
had a relatively minor effect at these depths, can be used to judge the sampling

variation in rank order of abundance.
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Fig.o24. iagram illustrating the changes in rank order of abundance of the ten

cammonest ostracod species in hauls below 700m at the Sepbight deep water

Station 10115

station and in hauls at the slope stations.
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In figure 24 three species have been picked out to emphasise how their

relative abundances changed. C. stigmatica (species #7 in the figure) was the

dominant species at nearly all depths >800m over deep water, and alsc cver the
slope. However, the species that was codominant with it below 900m at the

deep water station, C. discoveryi (#11) was only codominant at 1100-142%m over

the slope. C. borealis (#16) was increasingly important from 900m down at the
deep water station, but was only codominant close to the sea floor at one of
the slicpe stations (10108). In general, the order of species abundance changed,
relatively little towards the sea floor at the shallow slope station (101103,
quite sharply at the middle two slope stations (10109, 10108), and hardly at
all between the four dominant species at the deepest station, but quite
substantially between the lesser abundant species.

From Table 3 it can be seen that many specles were more abundant over the

slope than at comparable depths over deep waker, e.g. C. rhyvnchena and C.

i3

5
.

pbrachvaskos. In contrast two species C. subedentata and C. obtusata show

]
[of

reductions in abundance over the slope. Ancother effect was the displacement

the depth ranges of some species over the slope. (. pusilla occurred shallower

of th
than expected, whereas A. cucullata, C. dichtoma and C. arcuata occurred deeper.
«
Twe specles are of particular interest:
C. dorsotuberculata was uncommon in the catches, only six specimens (three
juveniles and three adult females) were taken. However, this species was
caught only in the slope stations. Examination of 'Discovery'® collsction
records for ostraccds, held in the I0S datebase (Domanski, 1981} ghows that
this species has greviousl? not been recorded north of 42°N. It is possible that
s occurrence put its absence in the

this bathypelagic species is seasonal in it

q

ht suggests that more likely its pregenée over the slope may result fron

C. hystrix was found for the first time in these hauls {(Angel and Ellis, 19817}.
It iz probably a member of the suprabenthic community. Its gut contents, which
included mineral particles as well as bacteria and unidentifiable material,
suggested that the species may feed on the sea-bed. Twenty-four of the 26
specimens of C. hystrix taken, were caught in hauls within 30m of the sea floor.

'ne majority were taken at station 10108. This species was the only ostracod

e

which seemed to be associated with the benthopelagic environment. At 4000m off
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the Northwest African coast similar near-bottom hauls contained an endemic
community of 25 species all of which are new to science (Discovery unpublished
data}. - Thus there may be an important distinction between the abyssal near
sea-bed communities which have no species in common with pelagic communities,

and the slope communities which are essentiallv modified midwater commpunities.

.c.10 Amphipoda (Fig. 25)

The data for these crustaceans are derived from the RMT 1M samples.
Their abundances were relatively low reaching a maximum of only 21/1000m .
At all four slope stations their density increased towards the bottom. At the
deeper two slope stations (10111 and 10108) densities were higher than at com-
parable depths over deep water but slightly lower at the other two staticns. Many
i+

anphipods are commensal or parasitic at some stage of their life histories with

1

nkton

]

; S50 their densities here probably relate to the distribution

@

o
-

gelatinous pl

patterns of siphonophores, ctenophores and medusae. Spscific analysis may show

that soms of the species responsible for the near-bottom increase in amphipod

jon

dlensity may be associlated with benthic coelenterates.

in the Rockall Trough maximum numbers occurred by day at 500-900m
(>6 specimens/1000m™) (Fig. 26) with a secondary maximum at 1500-1700m. At

night large numbers of juvenile Decapoda (mainly Sergestes) occurred in the top

1G0m, the result of diel migration. At the Seabight station decapods cccurred
mainly below 500m with a maximum of 10-11 specimens/1000m™ at 700-900m. At

. . ) .3 . -

ight about 4 specimens/1000m” occurred in the surfiéce 100m, and then deeper

down there was a gradual decrease in cowcenfratlon to about 500m below which
o . 3

there was a steady increase to 6 specimens/1000m” at 800-900m.

Al

Over the slope most of the hauls from well above the sesa floor contained

decapods in numbers similar to those at comparable depths at the deep water

[N
e
e}
4]
O
2
©

stations. However, relatively high concentrations of decapods occurrs
of the hauls close to the sea-bed particularly at stations 10108 and 10108
(Fig. 27). -Generally at both deep water stations at depths above 900m biomass
profiles were similar to those for concentration. Below 900m biomass

concentrations were erratic but there was a tendency for biomass to increase
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relative to numerical abundance, i.e. specimens tended to be larger,in the
deeper layers (Fig. 28}). Over the slope there was generally an increase in

biomass with increased proximity to the sea floor (Fig. 27}.

There were four dominant species throughout the survey area Sergestes

arcticus, Sergia species (robustus group), Gennadas elegans and Hymenodora

racilis. ~S. arcticus is a strong diel migrant occurring in the Rockall Trough
g g

and the Seabight deep water stations at 200-1000m during the day (up to 6
specimens/lOOSmB at SGO-SOGm in the Rockall Trough). At night 72 and 3 specimens/
1OGOm3 occurred - in the surface 100m in the Rockall Trough and Seabight respectively.
Relatively few specimens were found below 1000m. Over the slope this species
occurred in similar concentrations well above the bottom, but in much higher
concentrations close to the sea-bed. This increase was particularly noticeable

't Station 10109 when the sounding was arcund 1200m (Fig. 29%9a). Thus over the

ot}

lope the vertical distribution of this species extended deeper than at the

hn

eep water stations. — By day at the deep water stations G. elegans was found

ol

predominantly at 500-1000m and 700-1100m respectively with maximum concentrations

of about & specimens/1000m” at 700-800m. There was limited diel migration of part

O

of the'population towards the surface at night. Over the slope most samples
ontained similar concentrations to those in desp water. However, exceptionally

arge concentrations occurred in near-bottom hauls at Station 10108 (Fig. 29B).

Pk

In contrast to the Sergestes and Gennadas species, H. gracilis 4id not

[N
)

occur at the two shallowest slope stations (10109 and 10110}, but was found

o]
(S

relatively low concentrations at Station 10108 and in higher concentrations

Q}

he deepest slope station (10111). Its distribution over the slope was gimil

o

to that in deep water.

The data for the decapods will be described in detail in a separate

publication (Hargreaves, in press).
l.c.12  Mysidacea (Figs 30, 31, 32, 33)

The distributions of oceanic pelagic mysids in the Atlantic have been
reviewed by Mauchline and Murano (1977). Most of the species recorded in
this survey were described by Tattersall {1955). At both deep water stations

they mainly occurred below 600m but the depths of the maximum concentrations
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differed between the two stations; in the Rockall Trough maximum concentrations

. . 3 4 &
of approximately 8 specimens/1000m” occcurred at 1100-1500m,; whereas

a
Seabight station similar concentrations occurred at BO0O-1100m (Fig. 30}.

Over the slope at Station 10110 abundances were slightly greater than thoss

at .similar depths at the Seabight station but decreased slightly close to the

bottom  (Fig. 31). At Staticn 10109 concentrations were low at the shallowest

. 3 .
haul but increased to >10 specimens/1000m” closer to the sea-bed. At Station

10108 the concentrations (6-8 5pecimens/10®0m3} were generally similar to those

observed at comparable depths

o8}

over deep water, but in one haul there were >10

specimens/1000m . At the deepest slope station (10111) concentrations were

. 3 . .
relatively low (< 4 specimens/1000m”) but slightly increased close to the bottom.

Biomass profiles were si

imilar to numerical abundance profiles at the

Seabigl station, he Rocka tati here wer o dif ances i
Seabight station, but at the Rockall station there were some differences in that

there was a decrease in biomass relative to concentration at 700-900m and at

immature specimens. Biomass profiles over the slo

11060-1300m (Fig. 32) resulting

b

from the presence of large numbers of small

imi

[

ar to the

o
&

e were

concentyation profiles, except in the haul closest to the sea f£loor at Station

10110, where there was an increase in biomass relative to abundance. 7Two

species of mysid formed the bulk of the mysid populations, Eucopia hanseni

dominant while at 1100-1500m
these two species over the sl

midwater over deep water. E.

fad

he shallow near-bottom hauls

0

the decrease in concentration

the range observed at gimilar

lope reflected theilr vertical distribution in

Lad
®

iven in Fig. 3
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his species comprised nearly the whole of the

Below 1500m in the Rockall Trough E. grimaldii was

oth species were present. The distribution of

gt

ianseni was found in relatively large numbers in
at stations 10109-10110; at Station 10110 despite
close to the sea-bed, the values were still within

depths at the deep water stations. At Station 10105

there appeared to be a peak in concentrations at just about the deepest sampling

depth. Further down the slope at Station 10108 concentrations were similar or

slightly greater to
decrease towards the bottom.

station (10111).

Over the slope the distribution of E. grimaldii was guite unlike that of

E. hanseni. Concentrationz of E. grimaldii were extremely low at the shallower

the deep water stations, but again tended to

Hardly any specimens were found at the deepest




slope stations 10109-10110, but further down the slope at Station 10108 most
observed values were lower than at similar depths over deep water; the notable
exception occurred about 60m above the bottom where values were similar to those

at the deep water stations. At Station 10111 haul values were similar to those

at the deep water stations.
1.c.13 Euphausiacea (Figs 34, 35, 36, 37, 38)

In the Rockall Trough in daytime euphausiids were found mainly from
200~600m at maximum concentrations of 31 specimens/IGOQmB at 300-400m (Fig. 34).
At night very large numbers occurred in the surface 200m (116 and 58 specimens/
1000&3 respectively in the 0-100m and 100-200m hauls). Below 600m abundances
were low both by day and night, but there was a small maximum at 800-%00m.

At the Seabight station euphausiid vertical distribution was similar to that in
the Rockall Trough but in general abundances were grealter. By day maximum
concentrations of 49-58 Specimeng/iGGGmg cccurred at 300-500m; by night the
maximum moved up into the surface 300m; 254 S§ecimens/136823 occurred at 10-100m.

At both deep water stations above 900m biomass profiles were similar to those

b

for numerical abundance. However, below 800m in the Seabight there were small
=

'

ut erratic increases in biomass relative to concentration {(Fig. 35). BAbundances
in many of the near-bottom hauls at the slope stations were comparable to those

at similar depths at the deep water stations (Figs 34 and 36). In the haul

closest to the sea floor at Station 10110 there was a two-fold increase in

-

numerical abundance and biomass. At Station 10109 there was again a sligh

he sea-bed but values were relatively low. At Station

ot

increase close to

high abundances occurred in some hauls farthest from the bottom; at Statior

[

values were consistent with those at the deep water stations.

Presence of some of the specimens of euphausiids in deep hauls probably
resulted from contamination. Small specimens can pass through the meshes when
the net is closed and slight leakage can occur between the closed bars of the net
particularly when the net is plunging at the surface during recovery. The known
vertical ranges of the species wers used to judge which were probable
contaminants. Only three of the euphausiid species are well-known as inhabitants

of relatively deep water, Bentheuphausia amblyops, Thysanopoda microphthalma and

Thysanopoda acutifrons {James, personal communication; Hargreaves, in prep.J).

Baelow 500m in the Seabight B. amblvops occurred in very low concentrations

. 3 ) ) ]
(<1 specimen/1000m”) (James, perscnal communication). At the shallower slope

Lo
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feae

stations (10109-10110) it was either absent or sparse, but in the hauls farthest
above the sea floor at stations 10108 and 10111 concentrations were slightly
higher than those at comparable depths at the deep water station.,  Closer to

the bottom they tended to decrease in concentration except in the deepest haul

at Station 10108 (Fig. 37).

Adults of T. microphthalma at the Seabight station occurred mainly at
s . .3 ,
depths of 600-800m; their concentrations were always <0.3/1000m”. A very few

specimens were taken below 800m. Concentrations at the slope stations were also

very low.

lay and 500-5600m at night, but below 900m concentraticns were irregular.
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surface 200m, but the vertical pattern remained much

500-300m.

At the deeper two slope stations (10108 and 10111} the concentration profiles
were broadly similar to those at comparable depths at the deep water stations
showing a sharp reduction in concentration pelow 1100m. However, at the
shallowest slope station {(10110) large concentrations of polychastes occurred
in both hauls particularly the one farthest above the sea-bed (Fig. 40). 1In the
shallower hauls at Station 10109 polychaetes were relatively sparse but their

concentration increased towards the sea f£loor., Generally polychaete biomass
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profiles were similar to the concentration profiles except in the deepest haul

at Station 10108 in which the animals were somewhat larger (Fig. 41).

Full species analyses have not yet been completed, but the polychaetes are
easily divisible into two main groups, the Tomopterus spp. and the scale worms
Lagisca spp. The tomopterids comprised the bulk of the polychaete population
and as a group showed rather similar vertical profiles throughout the sampling
area. In the Rockall Trough there were two abundance maxima by day at 100-200m

and 500-600m and at night in the surface 100m and at 500-900m. In the Seabight

o

oth by day and by night tomopterids were present below 500m, but at night a
small number had moved up into the surface 100m. Very high concentrations
occurred at the shallowest slope station (10110} and there was a slight decrease

close to the bottom. Farther down the slope abundances decreased.

The scale worms were less abundant than the tomopterids in the Rockall

Trough occurring mainly at 500-900m during the day and at 200-3%0Cm by night.
th

(D

In the Seabight they occurred deeper during the day (600~1300m). Over th

oy A
[

slope their abundances were generally similar to those at comparable depths at

the Seabight station. On the slope the highest concentrations cccurred at

Station 10110, where there was a very slight decrease close to the bottom. At
tations (10108-10109) fewer specimens were caught but abundances

¥

increased slightly near the bottom.

3

Rather different results emerged from the analyses of the RMT 1M samples
in which the slope hauls showed that there was a substantial increase in
numerical abundance of small specimens with increased proximity to the sea-bed
{Fig. 42). At Station 10111, for example, the numerical abundance 10-25m above

the bottom was sixfold the abundance 40-90m above. Similarly at Station 10101

the abundance 15-30m above the bottom was 47-times the abundance to within 90m

n

of the bottom. The numerical abundances observed in the near ssea-bed sample
were considerably higher than in the vertical series especially at the two

deeper slope stations.
1.c.15 Chaetognatha (Figs. 43, 44, 45, 46)
Chaetognaths have been analysed from both the RMT 8M's which samples only

the larger forms and the RMT 1M's. In the RMT 8M samples from the Rockall Trough

station by day they occurred from 200m to the limit cof sampling. The maximum
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Fig. 43. Profiles of numerical abundance (Nos. /1000m™) of Chaetognatha in RMI 8M

samples at the deep water and slope stations (see Fig. 10 for note on depths).
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concentrations were at 200-300m (44/1000m°), and there was a secondary peak at
500~600m {36/1000m3). At night the distribution was more or less similar but
several specimens were taken at 100-200m (Fig. 43), indicating a limited diel

migration.

At the Seabight station concentrations were higher. In daytime specimens
were found throughout the water column with maxima occurring at 500-600m and
. ~ 3 . .
800-900m (approximately 60/1000m™}. At night concentrations were generally

slightly greater than in the day hauls, but otherwise the profile was similar.

Chaetognaths were present in all slope hauls. At the shallowest stations
{10109 and 10110) concentrations were similar to those at the deep water stations
and showed a slight increase towards the bottom. At Station 10108 the increase in
ration was more pronounced towards the sea-bed and abundances were higher

mereas at 10111 values were similar to those at the

s

than over deep wate

deep water stations (

e F nirmmaca nt +3 PN r o ct o 3 + i 3 £
In terms of biomass at the deep water station down to 900m the profiles

- o . PR fa 2 ) -1
increase in bicmass relative to abundance (Fig. 44). Over the slope generally
£ 4 2 ~
biomass profiles were very similar to those for concentration (Fig. 45).

the third most abundant group.

There was an increase in their numerical abundance close to the sea-bed at







7.5 MATERIALS AND METHODS - RRS CHALLENGER CRUISE 9/1979

In July 1979 a series of 6 single samples were collected to within 30m
of the sea-bed in the Porcupine Seabight along a north -~ south transect at
longitude 14°W between latitudes of approximately 49°54'-51°40'N (Fig. 47),
sampling spanned soundings of 380-40C00m. The sampling strategy is shown in

Fig. 48 and full details given in Appendix A.

Samples were obtained with the RMT 1+8 (Baker, Clarke and Harris, 1973).
The operation of this net is similar to that of the RMT 1+8M except that only

the RMT 1 and the RMT 8 are cperated at each tow. Once

a single pair of nets,

again the height of fishing above the bottom was measured by the bottom echo

B0

of the monitor signals from the sea-bed, the height was considered to be half

i

the separation between the direct pulse from the monitor and the bottom echo.

ame as for the Discovery Cruise 105 material.
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2. RESULTS ~ RRS CHALLENGER CRUISE 9/1979

2., 1 HMicronekton biocmass

RMT 1 samples have not been analysed so only results from the RMI

total RMT B bicmass are plotted in FPigure 49. Most o

o

available. Data on th
the sampling was carried out by day and there appeared to

b
3
>140mfs/1000m” over a bottom sounding of 686m (Fig. 49). There was a g
3
2

-

decline in biomass in the deeper hauls to <7mfs/1000m”~ at

o

B

- ki
biomass in the daytime haul was approximately 60mfs/1000m” but at 38
which was sampled at night biomass sharply increased to >210mfs/ 10

large concentration at night may have been partially due to a reverse diel
g Y P ¥

vertical migration from shallow depth by day on to the sea-bed at night., 7T
data for the hauls taken between 800-1500m compared to biomass data for Cruilse 105

near-bottom hauls show an increase in biomass during the Challenger hauls of
2-3 fold. The high biomass values for all of the Challenger hauls above 1200m

were the result of large concentrations of medusae.

il



51

Fig. 47, Bathymetric chare showing the positions of the near-pbottom
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This group was extremely abundant over this slope especially in the 380-395m
night haul and the 460-495m and 655-680m day hauls in each of which >1800 specimens/

1OOOm3 were ftaken. Deeper down there was a gradual decline in abundance (Fig. 50}).

The specific identifications are listed in Table 4. Aglantha digitale reached
L 3 3 . - .
densities well in excess of 1/m  at all but the deepest stations. Otherwise the

ol
N N - N Fa P . . N
only species that exceeded 10/1000m” was Haliscera bigelowl at the shallowest

5

Table 4. Numbers of Medusae/1000m~ identified from Challenger samples obtained
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Aglantha digitale 1894.0 2725.0 679.C
Pantachogon haeckell 1.63 2,45 2.47 1.74
Aegina citrea 3.08 1.06 0.05 C.02
Haliscera bigelowl 17.21 3.00 - -

- 0.5 - G.33
Colobenema sp. GLo47 0.5 - -
Atolla parva - - 0.45 c.0%
Aeginura grimaldi - - 1.53 -
Solmissus 2.7 = 0.45 -
2.b.3 Decapcda {(Figs 51, 52, 53, 54, 55)

In daytime maximum abundances occurred in the 460-495m and
haul (11 and 14 specimens/1000m  respectivels
a sharp decrease in abundance. In the one night tow at 38B0-395m there was
a considerably higher abundance (277 saecim%nsf&QSOmB), {Fig. 51). The specific

data are summarised in Table 5.

Gennadas elegans was generally infrequent and its abundance never exceedsd

3 ,
1 specimen/1000m~ (Fig. 52}, values which were lower than in the Discovery
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Gennadas  elegans
¥ Day
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Specimens
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Depth of sea-bed (note change of ssca!'-:)

Fig. 52. Profiles of nunerical abundince (Nos./1000m7) of Gennadas elegans in RMT 8

sanmples, takon near-bottom over the slope, plotted against depth of the sea-bed.
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540 Profiles of numerical abundance (Nos. / ;SACXLY‘)m:B) of Sergia species in RMT 8

saples, taken near-bottom over the slope, plotted against depth of the sea-bed
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Profiles of numerical abundance (Nos./lC(X)nB) of larvae and post larvae

in RMI' 8 samples, taken near-bottam over the slope, plotted against depth of



samples. Sergesﬁ§§_arct1cus was much more abundant. During the day maximum
concentrations of nearly 9 specimens}i@@@m3 occurred in the 460-495m haul (Fig.
53}, but much higher concentrations (40/10@0&3) occurred in the 380-395m night
haul. Below 495m, there was a gradual decrease in abundance. In the shallower
hauls this species was more abundant than at comparable depths at the Seabight
stations during Cruise 105 but it was less abundant in hauls from below 1100m.

Sergia spp. were present in relatively low concentrations (Fig. 54}.

The large 380-395m night haul was particularly interesting in that it

contained numerous larval and post larval forms (of which the smaller ones were
difficult to identify), including decapod zoeas and megalopas (Fig. 553) and

u
also young specimens attributed to the genus Caridion. These groups are deep-
living benthic or benthopelagic species as adults and their high abundance in
relatively shallow water may be a seasonal phenomenon. Relatively few
post-larvas and no Caridion species occurred in the Discovery samples collected

vely consider this to be a seasonal
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Euphausiids were most abundant the 380-395m night haul, the shallowest .
station sampled {(>20 specimens/1000m ), and there was a gradual decrease in
abundance with depth (Fig. 59). Ten species occurred in the shallow haul with

a TH

wysanopoda sp. the dominant form (Fig. 60). These Thysancpoda specimens

h
ot
o3
[

could not be identified to species because of eir immaturity, but they may have

been Thysanopoda acutifrons, adults of which occurred in the 1090-1160m haul.
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Mysidacea
® Day

A Night

No. of 0 1
specimens

103 m?3

; ; : Sy
1000 2000 3000 4000m

—

Depth of sea-bed

| note change of sca!e)

Fig. 56. Profiles of numerical abundance (Nos./1l000m™) of Mysidacea in RMI' § samples qg

taken near-bottam over the slope, plotted against depth of the sea-bed.
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Eucopia hanseni*

. & Day

No. of 45 1
specimens

/10° m’

10 +

Depth of sea-bed {note change of scal@z)

Fig. 57. pProfiles of nurerical abundance (Nos. /1000m™) of Eucopia hanseni in T8

samples, taken near-bottom over the slope, plotted against depth of the sca-bad.,

*E. hanseni is considered Lo be synonymous with Fucopia unquiculata.
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Fig. 58. Profiles of nunerical abundance (Nos. /1000m™)
RMI' 8 sanples, t

sea~-hed,

aken near-bottom over the slope, plotted against depth of the
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Fig. 59. Profiles of numerical abundance (Mos. /L oocm” ) of Euphausiacea in RMI 8

sanples, taken near-bottan over the slose, ploteed against cdepth of the sea-bed.
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RMI' 8 samples, taken near-bottom over the slope, plotted against depth of the
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2.b.6 Polychaeta (Fig. €1}

Polychaetes were most abundant in the 655-680m haul, deeper there was a gradual
decrease in abundance to a minimum at approximately 2900m (Fig. 61}. These

specimens have not been identified to species level.

3. DISCUSSION

-

influence cof the sea floor, whereas in shallow neritic seas the systems are closely
coupled. The depth down the continental slope at which

unknown but is deeper than the slope samples taken in this study.

£
[

The importance of these relationships to the problems of the safety of

ea~-bed disposal of radicactive waste is centred around how deep-sea

w

link with neritic systems in slope regions. At present no evidence has vet come
to light of any biological processes in midwater which can transport significant
gquantities of isotopes from the sea floor up through the water column to the

surface, either in terms of dose to Man or of critical pathways (Angel, in press;

Needler, in press). This has been supported by the admittedly si

nplistic, but

by Robinscon and Mullin (1981} which led to

purpcsely conservative model

g
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the conclusion that physical processes were likely to be around seven orders
magnitude more important in determining the back flux of waste isotope than

oleocgical processes.

The data described here demonstrate the increase in standing crop of both
b

plankton and micronekton associated with close proximity to the sea-bed in slope

regions. The amount of increase was much more dramatic in some taxa than in

others, for example in the plankton the polychaetes showed a much greater
response than the ostracods. However, 1t was the response of a few dominant

roups such as the copepods and decapod crustaceans which determined the pattern
g ¥ £

of the total community response. These dominant organisms are important

4

constituents of the diets of certain commercial fishes and so their presence could

attract these fishes down into deeper water. The only other group for which

There was no evidence found in these sanmples of thelr undertaking such

migrations up from the lower part of thelr extended vertical ranges of the
o

present sampling techniques (Pearre, 1979}. Anv diel migrations which do occur
could provide an important mechanism directly coupling the deep-sea ecosystens

t
with those on the shelf or shallow oceanic water which are either exploited

E

(e.g. for mackerel) or have potential for exploitation {(e.g. for bluse

Exploratory fishing has already shown that there are stocks of fishes
guite well down the slope to depths of 800m or more which may prove commercially
exploitable in the future (Bridger, 1978).

The material collected at somewhat shallower depths on the slope during the

o

o

Challenger cruise provides evidence for another mechanism that could be importan

3
¥
)
o
2
o
0
@]
iy
}....a

arge numbers of the medusa Aglantha digitale which is known to

breed in the upper 100m during the summer months (Williams and Conway, 1981) remirg

us of the importance and extent of seasonal migrations at high latitudes {i.e.

> 40°N). Many planktonic organisms overwinter in a state of diapause in deep

98



9

water and migrate up into shallow water in the spring. In open water such
migrations are vertical but on the slope where the organisms may maintain contact
with the sea floor the migrations mav be up slope, such migrations are well-known
in cravfish off Florida {(Herrnkind and Kanciruk, 1978) and evidence based on the
size distributicn of breeding cycles of benthopelagic fishes (Merrett personal
communication) implies extensive cross—slope migrations are a notable feature

the life-history of many of these fishes. The abundance of larval Thysancpoda

high up on the slope was another example of probable seasonal or ontogenetic

The timing of these seascnal migrations is subject to some yvear-to-year
variation. For example, in the case of Aglantha digitale the main peak of

abundance in the surface 100m occurred in June between 1952 and 1963. In

pecimens appeared in the surface

s was probably the downward migration to
the overwintering depths. Angel et al., (1982) observed large nunbers at depths

o U508 M

of 1C00Cm at 427N 177

5 - e E e = - “ 5 Y o 3 >4 5 N g v %
up intc the surface Williams and Conway (1981} found densities of mature
Py = oy o o 4 P E] P T s PR . ..y - o Ty = - b
medusae oi amassing at the surface. The maximpun dry welght value of the
(= 2% wet weight) cr the 1Ty A F1y1 £ re mem b
L= BooWe ¢elv“t/ ¢ SC UNe upwWarc ILiuX O AgG.antna

down into deep water or up towards the surface may be important mechanisms for
transporting iscotopes intc or out of the surface water. These seasonal variati
in the direction of the flux could be a significant factor in the management of

waste disposal, although such short time gcale events may prove irrelevant.

L=

organic material (Walsh, 1983) and this is borne ocut by the accumulations of
phytoplankton detritus that have been observed in the Porcupine Seabight
(Billett et al., 1983) which must have rapidly sedimented out of the water

1

umn soon after the onset of the Spring Bloom.



During the cruise by KRS Challenger this spring (1983} an attempt was made
to try to follow the dynamics of this phytodetritus formation. However, the
high frequency of storms kept the surface 500m of the water column well mixed
throughout the duration of the cruise and so inhibited the development of th
Spring Bloom. Layers of turbid water were identified with a transmissometer at
depths of at least 500m which were shown to have a relatively high chlorophyll
flucorescence. It 1s thought that this turbidity was caused by surface water
containing phytoplankton being mixed down isocpycenals {(Fasham, personal communicat-

ion). Fine mesh net samples of phytoplankton and also core sampl

t‘
[
W
O
th
6]

underlying sediments were collected for thorium analyses by Dr. R. Lampitt (IOS)

in collaboration with Dr. C. Lambert (CNEXC, Paris). Initial results {(Lambert,

personal communication) indicate that thorium is bound onto the phytoplankton

and other organic particulates in the surface waters. During the course of the

cruise (one month)} concentrations in the superficial bottom sediments of a

thorium iscotope with a half life of only 16 days increased by an order of

magnitude. So despite the delayed onset of the Spring Bloom

sedimentation of organic material had already begun to occur, carrving
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biclogical activity in the near-bottom zone on the slope and its possible links

The seasonality of the organic input also needs to be investigated as this

i

mechanism which triggers the synchronised reproductive
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activity of man
also be an important environmental factor in stimulating the migrations of fishes.
Similarly the trend for biomass to increase in close proximity to the sea-bed in
most micronektonic groups at the majority of the slope stations {(see Table 6)

may be a seasonal phenomenon. Two types of seasonal migration may occur, one a
feeding migration to exploit the abundance of organic material sedimenting onto

the sea-bed during the season of high surface productivity, the cother a life-cycle

1 Eo ko]



Table 6. A summary of relative changes in biomass in hauls at the slope

stations (Cruise 105) with increasing proximity to the sea floor.

Net Stations

(RMTM) 10111 10108 16169 10110
Total biomass 8 4 + + _
Fish g + + + +
Medusae 8 + + - -
haetognatha 8 + + * +
Chaetognatha 1 + * + +
Siphonophora B + + + +
Mysidacea g + * + -
Decapoda 8 * + + +
Polychaeta g - + + -
Polvchaeta 1 + + + +

v

Copepoda 1 + + + +
' 1 + + “+ +



migration during which the deep water is ‘used' as a sanctuary from the high
predation pressure of shallow depths, by resting or diapausing organisms,
particularly during the seasons of low surface production. The latter migration
is likely to be less significant because diapausing organisms do not feed, so
they would only take up isotopes from solution and would not be exposed to

particulate-bound isotopes.

The examination of the data for individual species gives further insight
into the processes that may be taking place. In deep water (i.e. depths of
>4000m) there is a considerable novel element in the near-bottom plankton
community; for example, the hauls taken very close to the sea-bed at a depth

£ 4000m at 20°N 21°W in 1978 by RRS Discovery contained a totally novel fauna
t

including at least 25 new species of planktonic os

o
ich detailed analyses of their specific compositions have been carried ou

depths, but in one case (Conchoecia pusi

bathypelagic species up into mesopelagic depths.

In the vicinity of continental slopes the links between the surface

g
community and the deeper living community are probably more dynamic than over
deep water. At present there are insufficient data to establish whether these

links extend right to the base of the slope, and so may provide faster transport

pathways for isotope movement than occur in midwater between abyssal communities
and those in more direct contact with Man via his exploitat of living rescurces.

Similarly vertical mixing by physical processes are more dynamic in slope regions

than in open ocean conditions, although there are few available guantitative

data. So it is still an open guestion as to just how important the more dynamic




interactions are in slope regions as compared with the physical mixing relative

to the movement of isctopes within the oceanic ecosystem.

4. CONCLUSIONS

There is a marked increase in planktonic and micronektonic biomass within

100m of the sea-bed in the slope region.

created by the sedimentation of surface production accumulating on the sea-bed.

4. Several species as mesopelaglc species over deep water extendsd
.
their vertical ranges down the slope, but only one bathypelagic species extended

to be sites of a dynamic interface between the

deep~living benthic and benthopelagic deep water communities and the shallower

s
o
[
&)
bt
©
i
-

living shelf communitie Thus if substantial gquantities of isotopes do get

transported onto the slope biological systems could play a significant part in

moving them up slope onto the she However, at present there is no way of

1
importance of such biological transport relative to transportation
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CRUISE 109 \

297 B/T9«-237210/7179
STH. DATE STARYT POSITION END  POSITION GEAR SAMPLER DURATION FLOW/LUG WATER
Lat LONG LAT LONG DEPTHO GMT DIST, (KM) DEPTH(M)
1010%/ 1 31/ 8 ) . DUSK 2041
S48 X7.TN 12 22.1W 0 543U 7N 12 28,8W  RMTIN/L QUO~1100 1953=2153% babl FLOW
B4 37,TN 12 22.1W S8 34,7IN 12 2B.8W  RMTBM/L Bul-1100  195%3-2153 b,61 FLUW
101057 2 31/ 8 MIGHT 2B64
S 34, TN 12 28.8w 54 310N 12 35.Tw RMTIM/2 1090=1290  2153~2353 6,81 FLUW
S4 347w 12 28.8w 54 31,0N 12 357w RMI8Mse 1090=1290  21%53=23%53 6,81 FLUwW
101057 3 31/ 8 NIGHT 2875
S4 Fil,on 12 BB ,.Tw 54 28,38 12 42,TW  RMYTIM/3 1290=1500 2353~ 153 T.39 yLuwW
D4 RpP,oN 12 35.7w 94 PBLUIN L2 427w RMTBM/Z 1290=15%00 2353~ 153 7,39 FLOW
101057 5 1/ 9 DAY 2866
58 35,58 12 2%.1W 54 33,9H 12 23.5W  RMTImM/1 600~ 700 1U81=1151 3.51 FLOUW
54 35,54 12 25.1w B4 RE. 5N 12 25,9W  RMTBM/L 600« 700 1uS1=1151 3.91 FLuwW
10105/ & 1/ 9 : DAY
BUORELON 0 12 23.5w b 3l.oN 12 d1,TW O RMTIMAS ToOo= Blu  1151=1255 3.82 FLUW
58 33,54 12 23.5W B4 31,6N 12 21.7W  KMIBM/C 700= B10  1151=125%5 .82 FLuw ’
101087 7 1/ 9 DAY
54 31,68 12 21.7W H4 29,6N 12 2U,uW  RMYIM/ZS 8G0=- 900 1255-135% .64 pLuw
54 31,68 12 21,7 B4 2y eN 12 20,08 RMIABM/D Ruld= 900 1g5%%=1%4%5 3.64 LU .
:8
g
10105/ 8 149 DAY 2883 &)
S4 28440 12 19.d0 0 54 20.0N 12 18,29 RMTINM/L 300- 410 19d9=1629 4,0% FlLuw S
B4 2800 12 19.dw 5S4 26,08 18 1B.dw HMTBEM/L 0= 410 1928%=16g9 4,0% FLUW »
10105/ 9 1/ 9 DAY 2Au3
54 26,00 12 18,2W 58 24,2N 12 16,79 RMTIM/E aQS= H00  1629=1729 3,786 FLOW
S8 Po,UN 12 18.4u 54 24N 12 16,7TW  RMTBM/2 40%- 500 1629-1729 3.78 FLOW
10105710 1/ 9 DAY 2884
54 24.eN 12 1o.7w B8 22,4N 12 15,1W  RMTIM/) 500 600  1729~1829 3.82 FLUNW
S8 24,28 12 16,79 54 224N 12 1S,.1w RMIBM/3 500= 600 1729~1829 1,82 FLOW
10105711 1/ 9 NIGHT
S48 35,08 12 27.8W B4 3% ,3N 0 12 32.9W  RMTIM/L 600« 700 2302~ 2 3.73 FLOW
54 35,08 12 27,89 Hd 3% 3N 12 32.9W RMTBM/AL 600~ TOQ 230w & 3.73 FLUMW
10105712 2/ 9 N1GHT
58 35.3N 12 32,88 54 364N 12 40,TW RMTIM/Z 700« 810 2= 141 6.71 FLUW
S 35,30 12 32.8wW 94 3o ,4N 12 40,TW  RMTIBM/Z 700=- B10 2= 141 6.71 FLOW
10105/1% &4 09 NIGHT
58 364N 12 40.7W 0S4 YT ,oN 12 4%, 0w RMTIMAL T70« 909 1a1= 241 3,80 FLUW
58 Jo, 4N 12 40,.TW B4 37T,0N 12 4% ,0W  RMIRM/3Z 710~ 900 14y 2ul 3. 46 FLUN

720}
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